Abstract The CONSTANS (CO) family is an important regulator of flowering in photoperiod sensitive plants. But information regarding their role in day neutral plants is limited. We report identification of nine Group I type CONSTANS-like (COL) genes of banana and their characterization for their age dependent, diurnal and tissue-specific expression. Our studies show that the Group I genes are conserved in structure to members in other plants. Expression of these genes shows a distinct circadian regulation with a peak during light period. Developmental stage specific expression reveals high level transcript accumulation of two genes, MaCOL3a and MaCOL3b, well before flowering and until the initiation of flowering. A decrease in their transcript levels after initiation of flowering is followed by an increase in transcription of other members that coincides with the continued development of the inflorescence and fruiting. CO binding cis-elements are observed in at least three FT-like genes in banana suggesting possible CO-FT interactions that might regulate flowering. Distinct tissue specific expression patterns are observed for different family members in mature leaves, apical inflorescence, bracts, fruit skin and fruit pulp suggesting possible roles other than flowering. This is the first exhaustive study of the COL genes belonging to Group I of banana.
Introduction
Light is important for plants not just for photosynthesis but also for several other developmental transitions such as germination, seedling establishment and flowering. Of these, flowering in several plants is influenced by both, light quality (blue, red or far red) as well as light duration (photoperiod). Flowering is induced by the FT protein, which is now widely perceived to be the florigen equivalent. It moves from the leaf where it is produced to the apical meristem through the phloem to initiate flowering . Several studies (Ballerini and Kramer 2011; Bohlenius et al. 2006; Hayama and Coupland 2004) in the past decade have shown that flowering in photoperiod sensitive plants is governed by the so called CONSTANS/FLOWERING LOCUS T (CO/FT) module or regulon. In Arabidopsis, expression of the functional FT is induced by CO, a central regulator in the photoperiodic pathway of flowering. The CONSTANS gene, first isolated by Putterill et al. (Putterill et al. 1993 (Putterill et al. , 1995 expresses in a rhythmic manner and has the ability to coordinate inputs from both, the light pathway and circadian clock (Andres and Coupland 2012; Song et al. 2013) . The peaks and troughs in the expression of CO mRNA are controlled by light hours and the circadian clock (Suarez-Lopez et al. 2001) . Its accumulation is regulated at the transcriptional as well as posttranslational level through a number of proteins. At the transcriptional level, CO is regulated by GI (GIGANTIA), CDF1 (CYCKLING DOF FACTOR 1) and FKF1 (FLAVIN BINDING, KELCH REPEAT, F-BOX1) that are under the control of clock and different light receptors (Imaizumi et al. 2005; Sawa et al. 2007 ). Stabilization of the CO protein occurs in light while it is degraded in the dark by the E3 ring finger type ubiquitin ligase, CONSTITUTIVE PHOTOMORPHOGENIC1 (COP1) and SPA (SUPPRESSOR OF PHYA-105) protein family (Jang et al. 2008; Laubinger et al. 2006) . Blue light receptors like CRY1 and CRY2 stabilize CO through suppression of COP1-SPA1 while red light destabilizes CO transcription through suppression of its transcriptional activator PFT1 and protein levels through the E3 ligase HOS1 (Lazaro et al. 2012; Valverde et al. 2004) . Under long day conditions, the CO protein is degraded in the dark and in the early morning by PHYB (red-light receptor) while it is stabilized in the evening by PHYA (far-red receptor) and CRYPTOCHROME 1 (CRY1) and CRY2 (blue-light receptor). In the afternoon CO protein is stabilized through interaction with FKF1 because of the antagonistic effect of PHYA (Song et al. 2013; Wu et al. 2014) . The final result of the regulated expression of CO in long day plants such as Arabidopsis is its abundance during afternoon and a peak in the evening of a long day season. The CO protein, stabilized under long day conditions, binds to FT promoter through a unique sequence cis-element that is present in the promoter of FT (Tiwari et al. 2010) .
In both monocots and dicots the COL (CONSTANS-Like) family has many members such as 17 in Arabidopsis, 16 in rice, 9 in barley (Griffiths et al. 2003) , 10 in sugarbeet (Chia et al. 2008) , 11 in Medicago (Wong et al. 2014) , 26 in soybean (Wu et al. 2014 ) and 23 in cotton (Zhang et al. 2015) . All of these COL genes are characterized by the presence of three domains namely the B-box 1, B-box 2 and a CCT (CO, COlike, and TOC1) domain (Griffiths et al. 2003; Putterill et al. 1995; Strayer et al. 2000) . The COL (CONSTANS-like) members are categorized into three different groups based on the presence/absence of these three domains (Gangappa and Botto 2014) . Group I COL genes possess all the three domains, and an additional VP motif (valine-proline motif which is involved in the interaction with COP1). Group II contains B-box1, a less conserved or diverged B-box2 and CCT domain but lacks the VP motif while Group III contains B-box 1 and CCT domain only (Gangappa and Botto 2014; Zhang et al. 2015) . In a broader way COL proteins are a part of the BBX family transcription factors with diverse functions (Almada et al. 2009; Chia et al. 2008; Crocco and Botto 2013; Datta et al. 2006; Huang et al. 2012; Valverde 2011) . The characterization and analysis of Group I CO genes has been carried out in many plant species and these cluster with Arabidopsis CO and rice Hd1 (Gangappa and Botto 2014; Griffiths et al. 2003; Huang et al. 2012; Zhang et al. 2015) . Banana is an important fruit crop that shows day neutral flowering. Our group has embarked upon studies for the identification and characterization of genes that regulate flowering in banana to explore possibilities of either extending or decreasing the life cycle of this crop. Here we characterize the members of CO family of banana and their possible role in banana flowering. Our studies on the diurnal expression patterns, stage dependent expression and tissue-specific expression of Group I COL genes besides their sequence similarities with the known CO genes suggest that there are at least two COL genes that may play an important role in flowering of this day neutral plant.
Materials and methods

Plant material and sample collection
Banana (Musa acuminata L. AAA Group cultivar Grand Nain) tissue culture raised plants were planted in the field and grown in the Jain R&D farms under natural conditions in Jalgaon, Maharashtra, India. For studying the changes associated with different developmental stages the third mature leaf from the top was selected for sample collections. Samples were collected at intervals of 15 days for up to 300 days after planting (DAP). For studying the diurnal patterns 150 day old plants were selected and samples were collected at 4 h intervals for up to 48 h. During the reproductive stage, tissue sampling was performed during different pre and post flowering stages such as mature leaf (ML) at 150 days, bract (BR) at 210 days, apical inflorescence (AI) arrested inside pseudostem after 190 days, flower (FL) including all floral parts at 220 days, young fruit (YF) at 240 days and mature fruit skin/peel (FS) and mature fruit pulp (FP) at 270 days after planting (DAP). All samples were harvested and immediately frozen in liquid nitrogen and stored at −80°C until further use.
Genomic DNA isolation and genome walking library preparation
Genomic DNA was isolated from leaf samples by modified plant DNA mini preparation method (Dellaporta et al. 1983) . Genomic DNA purity and quality was checked spectrophotometerically on NanoDrop ND 1000 (Thermo Scientific, USA) and by agarose gel electrophoresis. Genome Walker Universal kit (Clontech Laboratories, Inc. USA) was used for Genome walking library preparation by using four restriction enzymes, namely DraI, PvuII, EcoRV and StuI (Fermentas, EU).
RNA isolation and SMART library preparation
Total RNA was isolated by the lithium chloride method from various vegetative and reproductive stage tissues mentioned earlier. Total extracted RNA (10 μg) was treated with RNaseFree DNase (Qiagen) and RNA cleanup was done by RNeasy Mini Kit (Qiagen). First strand cDNA synthesis was performed by iScript cDNA synthesis kit (Bio-Rad, USA) as per manufacturer's instructions by taking 1 μg of total RNA. SMART libraries (5' SMART and 3' SMART) were prepared using SMART RACE cDNA Amplification Kit (Clontech Laboratories, Inc. USA) as per specified protocol. A pooled mix total RNA of various vegetative and reproductive tissues was used for library preparation.
Isolation of full-length cDNA and genomic sequences of MaCOL3a and MaCOL3b
One partial genomic sequence (777 bp) of CO-like (COL) gene of Musa AAB group cultivar 'Horn plantain' was searched in NCBI database (http://www.ncbi.nlm.nih.gov/) under accession number DQ153049. Two forward MaCON1-F1 (5'AGAGCCGGAGGTTCGAGAAGACGAT 3'), MaCON1-F2 (5' AGGTACGCGTCGAGGAAGGCC TAC 3') and two reverse MaCON1-R1 (5' AAGGGAAGC AGGGGGATGCGCTCGT), MaCON1-R2 (5' GCGGAGT GGATGTCGGCGTCACAGTC 3') were designed to get the complete sequence of this gene. Through genome walking, (performed prior to publication of the banana genome sequence), a 563 bp fragment obtained towards initiation codon and 723 bp towards termination codon were amplified, cloned and sequenced. SMART-RACE PCRs were conducted to obtain the 5' and 3' UTR portions. These portions were analyzed and assembled to get the full-length gene sequence designated as MaCOL3b. Gene specific primers were used to amplify this gene from cDNA. . Degenerate primers were designed by iCODEHOP v1.1 (http://dbmi-iCOde-01.dbmi.pitt.edu/i-COdehop-COntext/) interactive programme based on an alignment of sequences of AtCO (Arabidopsis), OsHd1 (rice), HvCO1 (barley) and Zmconz1 (maize). A partial fragment of 758 bp was obtained on genomic DNA by A9 (CGCCTGCCCATGTA acntgyaargc) and F10 (ACGCATATCGGATTGTC ttytcraaytt) primer combinations. Based on this sequence, four gene specific primers MaCON2-F1 (TCCTCGCGTCGGA TGGTGGCTATTTC) and MaCON2-F2 (CAGAATCGGA T C A G T C G T TAT G C C A C A ) a n d M a C O N 2 -R 1 (GGCCTCGGCTTCTGCTTCATCGT) and MaCON2-R2 (GCAGCGGCTGTGATCAGGGGCTT) were designed from the central portion of the sequence. Using genome walking and SMART-RACE PCRs the complete genomic and cDNA sequences along with UTR portions were obtained. This gene was later named as MaCOL3a.
The MaCOL3a and MaCOL3b sequences were completed prior to the publication of banana genome information (D'Hont et al. 2012) .
Search for additional CONSTANS-like genes in banana genome database
After availability of the banana genome sequence of DHPahang variety (Musa acuminata, AA genome) (D'Hont et al. 2012) , the Banana Genome Hub (http://bananagenome.cirad.fr) was searched for more CONSTANS like genes using BLASTP tool with protein sequences of Arabidopsis AtCO (AT5G15840) and rice OsHd1 (AF490467) rice. Both, the arabidopsis and rice genes are structurally conserved with two B-boxes and one CCT domain. The BLAST query resulted in identification of 25 genes with CONSTANS-like features. Of these nine genes belonged to Group I that included MaCOL3a and MaCOL3b. The details of Group I CONSTANS-like genes fetched from banana genome database are given in Table 1 .
Quantitative real-time PCR analysis
CFX96 Real-Time PCR Detection System (Bio-Rad, USA) was used to obtain expression patterns of the COL genes from different samples. The SsoFast EvaGreen Supermix (Bio-Rad, USA) was used in 96 well low profile PCR plate (Bio-Rad, USA) and programmed for 2 min at 50°C, 95°C for 10 min, then 40 cycles for 15 s at 95°C, 10 s at 57°C, and 15 s at 72°C. The RPS2 (HQ853246) was used as a reference gene (Chen et al. 2011 ). The final data was analyzed by CFX Manager Software (Bio-Rad). Gene specific primers for each gene were designed by Primer3 (version 0.4.0) software and checked manually too. RT-PCR was used to confirm the corresponding amplicon sizes of each gene by electrophoresis and later confirmed by sequencing, out sourced from SciGenom Labs (India). Primer efficiency of all the primers was checked before performing RT-PCR. The list of primers used for qRT-PCR analyses is given in Table 2 .
Bioinformatics analysis
Multiple sequence alignments were performed by ClustalW2.1 programme (http://www.genome.jp/tools/ clustalw/). BOXSHADE (v3.21) (http://www.ch.embnet.org/ software/BOX_form.html) was used for shaded background representation. Phylogenetic trees were constructed by the MEGA6 program using the Neighboring-Joining (NJ) method under default parameters (http://www.megasoftware.net/) (Tamura et al. 2013) . Amino acid sequence similarity (%) was calculated by ClustalW output file (http://www.ebi.ac. uk/Tools/msa/clustalw2/). The conserved domains of COL proteins were aligned by weblogo programme using default parameters (http://weblogo.berkeley.edu/logo.cgi) (Crooks et al. 2004) .
Results
In Arabidopsis, rice, maize, barley and wheat all the functional CONSTANS genes that have been demonstrated belong to Group I and have distinct conserved domains designated as B-box1, B-box2 and CCT domains. Hence, we focused our studies on the Group I COL genes of banana for sequence analysis and expression patterns at various developmental stages and in different tissues.
Banana has nine Group I type COL genes
In an effort to study the CONSTANS-like family in banana, the banana genome database (http://banana-genome.cirad.fr) was searched. A total of 25 COL genes belonging to Groups I, II and III were obtained. Out of 25 genes, nine genes clustered in Group I. Since the Group I genes play key role in acceleration of flowering under different photoperiodic responses reviewed by Gangappa and Botto (Gangappa and Botto 2014) , we focused our research to investigate and characterize the roles of these Group I genes in relation to flowering time. Of these nine, two COL genes (MaCOL3a and MaCOL3b) were obtained using Genome walking and RACE PCR strategies prior to the release of the banana genome database. The details of the 9 genes belonging to Group I including their location on the chromosome and the size are presented in Table 1 . We also provide these genes a uniform nomenclature MaCOL2a, MaCOL2b, MaCOL3a, MaCOL3b, MaCOL4a, MaCOL4b, MaCOL5a, MaCOL5b and MaCOL5c, since MaCOL1 was already reported, named and characterized (Chen et al. 2012) . MaCOL1 (designated in banana genome database as GSMUA_Achr5P22460_COL-9) in our analysis was clustered with Group II like genes. The genomic organization of MaCOL genes belonging to Group I is presented in Fig. 1 . Structurally these genes are composed of two exons and one intron except MaCOL3b which has two introns (86 and 115 bp). The intron size of these genes ranges in length from 81 to 98 bp except MaCOL2a and 2b which contain introns of 192 and 523 bp respectively. The 5' UTRs of all the genes are small ranging between 20 nt (MaCOL3a) to 
Amino acid similarity and phylogenetic analysis
Identified Group I type banana COL genes were further analyzed for sequence homology through multiple sequence alignment and phylogenetic analysis. The predicted proteins for these genes contain between 269 (MaCOL4b) to 362 (MaCOL4a) amino acids (Table 3 ). ClustalW2 analysis revealed that all of these genes contain highly conserved Bboxes with 38 amino acids except MaCOL5a and MaCOL5b that contain only 35 amino acids. The CCT domain in all is made of 38 residues with a highly variable middle region. The B-boxes are further divided into two types based on their consensus sequences and spacing of zincbinding residues (Crocco and Botto 2013) . In banana, the Bbox1 consensus is C-X 2 -C-X 8 -C-X 2 -D-X 3 -L-C-X 2 -C-D-X 4 -H-X 8 -H while the B-box2 consensus is C-X 2 -C-X 8 -C-X 7 -C-X 2 -C-X 4 -H-X 8 -H. The exceptions are MaCOL4b which has a truncated B-box1 (only 12 amino acids long) (Fig. 2) and MaCOL2a and MaCOL2b which lack B-box2 completely. Besides these domains, a valine-proline (VP) motif (17 residues) was also present in all the Group I COL genes of banana. In Arabidopsis only COL Group I genes have been shown to contain this VP motif along with B-boxes and a CCT domain (Gangappa and Botto 2014) . In addition to this, a seven amino acid motif (consensus Y/F-G-V-V-P-S-F) was observed at the carboxyl end of these proteins (except MaCOL5c) as against a six residue long motif reported in Arabidopsis (Griffiths et al. 2003) . The highly conserved domains in the banana MaCOL genes of Group I are represented by the logos of the protein alignment in Fig. 3 . It shows that in B-box1, 12 amino acids out of 38; in B-box2, 25 out of a total 38; in CCT domain 33 out of 42 while in VP-motif, 2 amino acid residues out of 12 are fully conserved. The amino acid sequence similarity was investigated at two different levels i.e., overall protein similarity and a concatenation of B-boxes and CCT domain separately (Holefors et al. 2009) (Table 3) . Within the Group I MaCOL polypeptides, MaCOL3a and MaCOL3b share highest protein similarity (82.53 %). Functional COL proteins of Arabidopsis (AtCO), rice (OsHd1), maize, (Zmconz1) and barley (HvCO1) were also compared to check the similarity of these with banana proteins. The comparison shows that AtCO has the highest similarity with MaCOL3a (44. When the alignment and comparison is performed using concatenated B-boxes and CCT domain residues the maximum similarity is 88.64 % between MaCOL5a and MaCOL5b while the lowest is 70.49 % between MaCOL3a and MaCOL4b. Since MaCOL2a and MaCOL2b lack B-box2, these are not likely to be potential candidates for enhancing FT expression ( Table 2 ). The highest similarity with AtCO is shown by MaCOL4b (69.81 %) followed by MaCOL5c (68.15 %), while MaCOL4b (72.64 %) shows highest similarity with OsHd1 followed by MaCOL5c, and the rest. As with overall protein similarity, a lower similarity with Zmconz1 and HvCO1 proteins (between 70.37 and 63.33 % with Zmconz1 and 60.45 % to 51.11 % with HvCO1) was observed in concatenation of B-boxes and CCT domain.
To study the relationship of these nine COL proteins of banana with all 17 CO/COL proteins of Arabidopsis, we constructed phylogenetic tree by using Neighbor-Joining (NJ) method. In this analysis we also included CONSTANS homologues of other monocots plant species like, rice (OsHd1), maize (Zmconz1) and barley (HvCO1). This analysis revealed that all nine COL proteins clustered with Group I proteins of Arabidopsis. The homologues of other monocots were also clustered in the same group along with banana and Arabidopsis (Fig. 4) .
Expression of Group I COL genes during plant development
In order to get an insight into the possible function of the COL genes the expression patterns were studied at different developmental stages. COL genes that have been correlated with the initiation of flowering in photoperiod sensitive plants do so by influencing transcription of FT. In banana, under our growth conditions, the transition from the vegetative stage to reproductive stage occurs around 180 days after planting in the field (Fig. 5) . It is therefore expected that the functional FT gene expression will coincide with or be just prior to this transition time. Accordingly for any FT that is dependent on CO, the functional CO gene would also have to express around the same time. Further since the FT is expressed in leaf (Kardailsky et al. 1999; Wigge 2011) it is expected that the expression of functional CO will also be maximum in the mature leaf at the floral induction stage. The expression of CO-like genes was studied in the leaf at different stages of plant development. Expression patterns depicted in Fig. 6 show that of all the genes, MaCOL3a and MaCOL3b had the highest expression levels (relative to RPS2). Moreover, the expression of these two genes began to increase well before the induction of flowering in banana. The steady state levels remained high from 90 to 210 days that encompassed the period of flowering. In contrast, all other genes showed a comparatively reduced expression with respect to RPS2 during this period. Moreover, the expression of these genes was low during the period of initiation of flowering but began to increase around the time of fruiting from day 240 onwards. Interestingly the expression of MaCOL3a and MaCOL3b was at their lowest levels during this period.
Banana Group I COL genes show distinct diurnal expression patterns
Expression of CONSTANS in all plants studied has been shown to be affected by the circadian clock and light leading to diurnal oscillations that govern stability of the CO transcript and protein differently in different photoperiods thereby affecting its interaction with the FT promoter. To check the daily oscillation rhythms of these Group I COL genes in banana the diurnal expression patterns were studied over a 48 h period at 4 h intervals. As shown in Fig. 7 all genes showed a clear diurnal pattern with expression peaks during the day and troughs at night. The only exception was MaCOL4a which had peak expression at dusk followed by a decrease in the dark period. Although MaCOL2a and MaCOL2b had peak expression during the day, the increase began around midnight. The expression peaks of the genes MaCOL3a, MaCOL3b, MaCOL5a, MaCOL5b and MaCOL5c were in the afternoon while MaCOL2a and MaCOL2b exhibited their peaks in forenoon. As in the case of developmental expression MaCOL3a and MaCOL3b had higher expression compared to the other genes.
Tissue specific expression of Group I COL genes
We next studied the expression pattern of the Group I COL genes in different tissues. Samples were taken from various tissues during flowering and up to fruit maturity. Eight of the nine genes expressed in various tissues except MaCOL4b for which no expression could be detected. In mature leaf samples (150 days after planting), maximum transcript levels were seen for MaCOL3a and MaCOL3b (the latter being four times higher than 3a). Reduced expression was seen for the other genes while MaCOL2b was barely detectable. Bract, considered as a modified leaf, protects flowers until they are fully opened. The maximum expression in bracts was seen in the two MaCOL2 genes followed by somewhat reduced expression levels for MaCOL3a and MaCOL3b. In fact MaCOL2b showed an almost bract specific expression. MaCOL4a and MaCOL5c showed very low expression. Four genes namely MaCOL4a, MaCOL5a-c were highly expressed in apical inflorescence (AI), arrested inside the pseudostem with MaCOL4a being highest. MaCOL5c was expressed highly in whole flower tissues, though significant expression was also observed for MaCOL2a, MaCOL3a and MaCOL5b. When young fruit was examined, none of the genes seemed to be expressed highly, though some expression could be detected for MaCOL3b and MaCOL5b. Mature fruit peel was found to have the maximum expression for MaCOL3a and MaCOL3b while the pulp had high expression of MaCOL3a, MaCOL3b, MaCOL5b and MaCOL5c (Fig. 8) .
Discussion
Several studies in both monocots (Miller et al. 2008; Nemoto et al. 2003; Hayama and Coupland 2004) and dicots (Chia Putterill et al. 1995; Suarez-Lopez et al. 2001; Wong et al. 2014; Zhang et al. 2015; Wu et al. 2014) have shown that photoperiod responsive flowering is controlled by the CO/FT module. The control is exerted by a combination of the circadian regulation of the CO gene and differential stability of the transcript and protein in light and dark. Together these allow the CO protein to accumulate in a given photoperiod and control FT expression (Kardailsky et al. 1999; Wigge 2011) . In Arabidopsis, CO accumulates under inductive long day conditions and induces FT expression and flowering under long day conditions (Putterill et al. 1995) while it does the same job in rice under inductive short day photoperiods by suppressing FT expression in non-inductive long days (Hayama and Coupland 2004; Izawa 2007) . Unlike Arabidopsis and rice, banana is a day neutral plant flowering between 160 and 180 days (with 22 to 24 leaves), regardless of the season of planting, suggesting that it has an in-built ability to measure the age via the leaf number. Studies on the role of CO in flowering in day neutral plants are limited and hence it is not yet clear as to whether this is governed by a CO/FT regulon as in photoperiod sensitive plants. Maize CO (conz1) is diurnally regulated in temperate (day neutral) and tropical (photoperiod sensitive) genotypes with distinct expression patterns in experimental short and long days indicating the ability to sense different photoperiods (Miller et al. 2008) .
The mining of the banana genome sequence for CONSTANS-Like genes yielded 25 sequences that could be grouped in to 3 groups upon phylogenetic analysis. Of these, nine Group I genes that contained two B-boxes, a CCT domain towards the 3' end and a VP motif (valine-proline repeat) showed similarity to the known COL genes involved in photoresponsive plant species such as Arabidopsis and rice. We have performed a detailed transcript level characterization of these genes to understand their possible roles. Eight of the nine COL genes were expressed and of these two, MaCOL3a and MaCOL3b, accumulated to high levels well before flowering and continued to remain high until the initiation of flowering (Fig. 6) . What is noteworthy is that both these genes are also the ones that are most highly expressed in mature leaves, the site where perception of light signals and photoperiod occurs. Moreover, expression of both these genes decreases soon after initiation of flowering suggesting a function that is restricted to a period when the plant prepares to flower. It is known that expression of functional FT gene(s) occurs just before the transition from vegetative to reproductive stage and the expression of functional COL gene(s) coincides with FT expression. The expression of MaCOL3a and MaCOL3b that begins to increase just prior to flowering suggests a possible correlation between induction of flowering and MaCOL3a and MaCOL3b expression. Thus an association with flowering initiation can be made with these two genes at least on the basis of their transcription. The other genes show an increase in transcript accumulation after the initiation of flowering during the growth of the inflorescence and development of fruit. Previous studies (Ledger et al. 2001; Zhang et al. 2011 ) have reported variable expression of COL genes in leaves and buds depending upon the stage of development. Our observations in banana also suggest differential expression of different COL genes at various stages of plant development in the leaf. In banana there is an extended phase of inflorescence development that continues over a period of about 1 month. It is likely that the late expression of COL genes other than MaCOL3a and 3b may be required for the sustained development of flowers in the growing inflorescence. Presuming that at least some of the MaCOL genes function as enhancers of banana FTs, one would expect these FTs to possess a putative motif that is postulated to be responsible for the binding of functional CO. Tiwari et al. (Tiwari et al. 2010) have reported that the functional FT (AtFT) promoter in Arabidopsis possesses a unique cis-element TGTG(N2-3)ATG motif that is present in tandem and binds the CO protein. The banana genome data base has a total of 12 Hd3A/FT-like genes. The promoter analysis of these 12 genes from the database showed that this unique cis-element motif is present in the promoters of 3 genes namely GSMUA_Achr9P07900_Protein HEADING DATE 3A, GSMUA_Achr5P06600_Protein HEADING DATE 3A and GSMUA_Achr5P06420_Protein FLOWERING LOCUS T upstream of initiation codon at −446 and -488 for GSMUA_Achr9P07900_Protein HEADING DATE 3A; −341 for GSMUA_Achr5P06600_Protein HEADING DATE 3A and −290 for GSMUA_Achr5P06420_Protein FLOWERING LOCUS T (Fig. 9) . These observations suggest, although do not prove, that there are three Hd3A/FT-like genes of banana that have the potential to facilitate the binding of CO protein in their promoter regions. This in silico analysis strengthens the suggestion that in a day neutral banana the CO/FT regulon may be functional.
Another characteristic feature of CO genes involved in flowering is the rhythmic diurnal expression governed by the circadian clock and light. Interestingly, even in the day neutral banana plants, all the eight expressed genes showed a clear diurnal rhythm. Importantly, the genes MaCOL3a and MaCOL3b have just the right rhythmic expression pattern showing a peak late in the afternoon as has been reported for the functional CO in Arabidopsis. The fact that all the COL genes showed a circadian regulation in banana suggest a complex regulation exerted at the transcriptional and post-transcriptional levels even in a day neutral plant.
Since only two of the eight expressed COL genes seem to be correlated with initiation of flowering there must be additional functions governed by COL genes. Indeed the tissue specific expression patterns and the developmental stage patterns strongly hint towards multiple functions not necessarily related to flowering. Of the different genes, MaCOL2a and 2b express primarily in bracts, 3a and 3b in leaves and fruit skin, 4a, 5a, 5b and 5c in apical inflorescence and 5b and 5c in fruit pulp. These suggest specific functions in bract, fruit skin, apical inflorescence and fruit pulp carried out by specific COL genes. Chen at al. (Chen et al. 2012 ) have made a similar observation with another CONSTANS-like gene (MaCOL1) from banana and shown that the gene was expressed highly in the flower and in the fruit pulp suggesting that MaCOL1 may be involved in pulp ripening. In Pharbitis nil it has been reported that CO was expressed in many parts such as in floral buds, floral meristem and floral organs (Kim et al. 2003) while the sugar beet CO has been shown to be expressed in floral buds (Chia et al. 2008) . It is possible that these MaCOL genes may have functions in different plant developmental processes in the vegetative and reproductive stages that need to be studied. Apart from tissue specific regulation, the fact that the MaCOL genes also show a distinct circadian regulation and day time peak of transcription indicate that their function in Fig 9 Schematic representation of promoters of banana Hd3A/FT-like genes named GSMUA_Achr9P07900_Protein HEADING DATE 3A (a), GSMUA_Achr5P06600_Protein HEADING DATE 3A (b) and GSMUA_Achr5P06420_Protein FLOWERING LOCUS T (c). The promoter sequences of these genes were taken from banana genome data base. CONSTANS binding unique cis-regulatory elements, TGTG(N2-3)ATG depicted with solid boxes in promoter of these genes. The banana FT-like proteins annotation taken from banana genome database are given in brackets these tissues might require inputs from the clock and light as well (although it should be noted that the diurnal regulation of these genes was not examined in tissues other than leaves).
Taken together we suggest that the functional COLs in a day neutral banana are likely to be MaCOL3a and MaCOL3b. It is likely that in day neutral plants the CO function may incorporate not just light and clock signals but also an age dependent signal through as yet unknown mechanisms. The expression of certain miRNAs families such as miRNA156 and miRNA172 has been shown to be required for age dependent manner and control transition from vegetative to reproductive phase in Arabidopsis (Huijser and Schmid 2011; Yamaguchi and Abe 2012) . These could be potential factors that regulate COLs in an age dependent manner. Validating these hypotheses would require further studies through silencing of specific COLs that are underway.
To the best of our knowledge this is the first exhaustive report on the possible roles of Group I MaCOL genes as enhancers of FT in banana.
